Abstract A series of human fossils, the so-called 'Minatogawa Man' material, unearthed from the fissure site at the Minatogawa limestone quarry on Okinawa Island, is well known as the best preserved Pleistocene human remains in Japan. Another series of 'Upper Minatogawa' human remains was also recovered from the same fissure site. Although the Upper Minatogawa series was supposed to be derived from higher horizons than the Minatogawa series, and this supposition was provisionally supported by the fluorine dating of bones, the chronological and/or stratigraphical relationships of individual human specimens have nevertheless not been clarified. Here we report newly obtained data on the relative chronology of the Minatogawa and the Upper Minatogawa series by additional element analyses (strontium and barium) of bones, and draw the following inferences: (1) the Upper Minatogawa human remains are younger than the Minatogawa human remains (i.e. 'Minatogawa Man') as a group; (2) however, a wider age range is implied for the 'Minatogawa Man' series, and some of the specimens such as Minatogawa IV and maybe Minatogawa II are comparable in age to the Upper Minatogawa series. Thus, the 'Minatogawa Man' series may not comprise a single chronological group, although they may be of one morphological group. We also discuss the geological age of the Minatogawa fossil assemblages, and address preliminary palaeoanthropological implications concerning the population history of the Japanese archipelago in the Late Pleistocene.
Introduction
The Japanese islands are widely overlaid with tephra, which, when combined with much rain, has produced an acidic volcanic ash soil that is not favorable for bone preservation. Consequently, the so-called 'Palaeolithic human remains' from the Japanese Pleistocene, which have so far been reported from more than 15 sites (Figure 1 ), are mostly from calcareous cave and fissure sediments. However, the antiquity of some of these remains has been surrounded with controversy. Even more confusion and uncertainty clouds their chronology.
Research over the last decade or more has provided new data and extensive revisions of the relative and chronometric (absolute) age of these 'Palaeolithic human remains.' These studies have revealed that although human fossil records in Japan date back to at least 30 ka BP (BP denotes uncalibrated radiocarbon years, and ka denotes thousand years), human skeletal specimens from more than half of the 'Palaeolithic sites' (see Figure 1 ) are estimated to belong to later ages such as the Mesolithic-Neolithic Jomon Period (beginning c. 13 ka BP) or even historic times (Matsu'ura, , 2009 Kondo, 2000, 2001 ; Kondo and Matsu'ura, 2007) . As for Honshu Island (mainland Japan), only the Hamakita specimens from Shizuoka Prefecture in central Honshu (Figure 1 ) have been confirmed to be assigned to the Palaeolithic Period .
Under the existing state of affairs presented above, the Ryukyu Islands of Okinawa Prefecture, with many calcareous limestone caves and fissures, are still the richest source of Pleistocene human fossils in Japan (see Figure 1 )-for example, Minatogawa, Yamashita-cho Cave I, Shimojibaru Cave, Pinza-abu, and also newly reported (Nakagawa et al., 2010) Shiraho-Saonetabaru Cave specimens. Among these, particular attention has been given to the series of specimens well known as 'Minatogawa Man' (Suzuki and Hanihara, 1982) , the best preserved Pleistocene human remains in Japan. Seiho Oyama and collaborators conducted excavations from 1968 to 1974 at a fissure site of the Minatogawa limestone quarry (26°7′44″N, 127°45′33″E) near the southern coast of Okinawa Island. Human skeletons of more than five individuals of both sexes (Suzuki, 1982) were recovered between August 1970 and January 1971, and were called the 'Minatogawa Man.' However, besides the above 'Minatogawa Man' series, another series of human remains consisting of nine postcranial bones belonging to at least three individuals was unearthed from the same fissure site as early as March 1968 by Seiho Oyama. These initial discoveries led to the later, more extensive excavations of the site (Watanabe, 1980) , resulting in the 1970-1971 recovery of the above-mentioned 'Minatogawa Man' series that was first described in 1982 (Suzuki and Hanihara, 1982) , and the socalled Minatogawa Man material has since been studied by a number of researchers (e.g., Hanihara, 1994; Baba et al., 1998; Brown, 1999; Kaifu et al., 2011; Mizoguchi, 2011; Kubo et al., 2011) . On the other hand, the initial 1968 discoveries have received little attention. Although detailed information on the exact geological provenance of the 1968 finds was not well reported, they were supposed to be derived from comparatively upper horizons, and were registered as a separate series of 'Upper Minatogawa' human remains. Preliminary morphological and chronological studies on this 'Upper Minatogawa' series have been briefly reported by Baba (1984 Baba ( , 2002 and Matsu'ura (1984 , respectively.
The vertebrate fossil assemblage from the Minatogawa Fissure site, including remains of two extinct deer species (Cervus astylodon and Muntjacinae species (Hasegawa, 1980) ) contained in the lower levels of the fissure fillings, is tentatively placed in the main part of the Last Glaciation to the terminal Pleistocene (see , based primarily on two radiocarbon dates, 18250 ± 650 BP (TK-99) and 16600 ± 300 BP (TK-142), of charcoal fragments from the lower levels of the fissure fillings (see the Discussion). However, further research is needed to relate these dates to the bone remains. More detailed discussion on the geological age of the Minatogawa fissure sediments will be addressed later.
We should note here that unlike the 'Minatogawa Man' series (MMS), the postcranial bones of the Upper Minatogawa series (UMS) have been reported to have morphological affinities with those of the Mesolithic-Neolithic Jomon-age people of Japan (Baba, 1984 (Baba, , 2002 . Thus, the chronological relationship of the MMS and the UMS remains is one of the key subjects in the issue of the emergence and formation of the Jomon people in Japan.
However, the fissure deposits at Minatogawa, as is usually the case, have complicated stratigraphic structures, and the strata have not been clearly defined. Sufficient context has not yet been available for determination of the exact geochronological and stratigraphic relations of the MMS and the UMS remains (see footnote to Table 1 ). In these instances, postmortem chemical changes in some minor or trace elements in phosphatic skeletal material may provide useful information.
Relative dating based on the analysis of fluorine, which is diagenetically taken up by buried bone from surrounding soils and groundwater at the expense of hydroxyl ions in Figure 1 . Locations of sites of the so-called 'Palaeolithic human remains' from the Japanese archipelago, including tentative or controversial ones. Recently, new data concerning the relative and chronometric (absolute) age of these 'Palaeolithic human remains' (see text) have become available. Italics in the map are used for bones that have been found to belong to later ages or whose age is still not contested, and for bones that have been found to be nonhuman or whose human status is doubted. Figure modified from Kondo and Matsu'ura (2007) and Matsu'ura (2009). apatite crystals and accumulates slowly with time, was attempted by Matsu'ura (1984; see also Matsu'ura, 1999) , who reported that although the ranges of fluorine content of the MMS and the UMS remains overlap (Figure 2) , the difference between the two groups in the average fluorine content is significant (P < 0.05, Mann-Whitney U-test). Matsu'ura (1982a Matsu'ura ( , 1984 see Matsu'ura, 1999) also made the following remarks on the human and animal bones taken from the Minatogawa Fissure site.
1. The boar remains show varying fluorine content. On Matsu'ura (1982a Matsu'ura ( , 1984 see Matsu'ura, 1999) , and data for strontium and barium are from the present study. (Suzuki and Tanabe, 1982; Hasegawa and Matsuoka, 2002) . The horizontal grid was demarcated in 2 m units designated Z, A, B, C, D, E, and F from west to east, along the elongated axis of the c. 1 m wide fissure. The vertical level was set in 1 m units designated 1-8 from up to down (see Hasegawa and Matsuoka, 2002) . Note that the grid-level designation used here, e.g. C-5, was expressed as C5 block in Suzuki and Tanabe (1982) , and as C5 grid in Hasegawa and Matsuoka (2002) . It should be noted that the exact find spots of the UMS remains were not recorded, and that the provenance (grid-level) of the MMS remains is not unequivocal, since these human specimens were not necessarily recovered during controlled and systematic excavations.
the other hand, the fluorine content of the deer remains are in a range comparable to the higher half of the boar's fluorine dispersion (see Figure 2 ). The boar fossils from the upper stratigraphic levels (levels 1-4) of the excavated fissure deposits are, however, grouped around 0.8% F (see Figure 2 ), while those from the lower stratigraphic levels (levels 5-8) appear to be in two separate groups (for the setting of the levels, see footnote to Table 1 ). It is worth noting that the six boar specimens with high fluorine content from the lower levels of the fissure deposits have light-colored surfaces, and the other boar specimens (found either from the upper or the lower levels) are dark gray or brown in color. These findings may indicate that three of the nine analyzed boar bones that were discovered at the lower levels are probably intrusions from an upper horizon. 2. The analytical results would introduce a provisional zonation of the mammalian fauna into two phases: (i) phase A, the co-occurrence of wild boar and two deer species; and (ii) phase B, the occurrence of wild boar and the absence of deer species (cervid having become extinct). Note here that, for improving readability, the nomenclature phase A and phase B is employed in the present paper instead of the formerly used Phase a and Phase b. 3. If two separate series (MMS and UMS) of human bones from the Minatogawa site are recognized, comparison of the fluorine data (see Figure 2) suggests that (i) the MMS remains are to be referred to phase A and possibly even to the transitional phase from A to B; and (ii) the UMS remains are assignable to late phase A to early phase B. These findings of the group-to-group comparison of fluorine content support the supposition that UMS remains may be derived from higher strata than the MMS remains. Nevertheless, clarification of the chronological and/or stratigraphical relationships of individual human specimens has awaited further research, since it is not practical to assess these relationships in detail with one relative-age guide element of fluorine.
Our recent studies (e.g. Kondo and Matsu'ura, 1999; Matsu'ura and Kondo, 2005) have shown that a new geochemical approach by multielement analyses of bone using inductively coupled plasma (ICP) spectrometry, accompanied by fluorine assay, is very effective for the purposes of provenance discrimination of fossil bones. We report here the results of relative dating revisited with additional element analyses for strontium and barium on human and faunal bones of the Minatogawa Fissure site. Strontium and barium contents have been shown to be useful for the clarification of stratigraphic positions of fossil bones from the same site (Kondo and Matsu'ura, 1999; Matsu'ura and Kondo, 2005) .
Development by the use of this multielement approach would enhance the chronology of the MMS and UMS remains, and should have a significant bearing on acquiring a better view of the population history in the Japanese archipelago during the latest Pleistocene. Matsu'ura (1982a Matsu'ura ( , 1984 see Matsu'ura, 1999) had previously examined 47 bone samples of human (MMS and UMS) and faunal (deer and boar) remains from the Minatogawa Fissure site via fluorine determination by the ionsensitive electrode method. In this study, 44 of those 47 samples were used (Table 1) , except the three bones that were discovered at the lower levels of the fissure deposits and are most likely intrusions from an upper horizon as stated above.
Materials and Method
About 10-20 mg of powdered compact bone tissue (substantia compacta), prepared as previously described (Matsu'ura, 1982a) , was weighed to an accuracy of 0.05 mg and dissolved in 15 ml of 0.6 M HCl, and then passed through a 0.2 μm Advantec Toyo Dismic-25 filter. Dilutions were done when necessary. Strontium and barium contents of bone were measured by ICP atomic emission spectrometry on a Seiko Instruments SPS7700 spectrometer.
Statistical treatments on the elemental data were carried out using STATISTICA 06J (StatSoft Japan Inc.) for MannWhitney U-test and discriminant analysis, and using Matsu'ura, 1982a Matsu'ura, , 1984 see Matsu'ura, 1999 
Results
The resulting data for strontium and barium analyses are listed in Table 1 , which also includes the fluorine content values of the faunal samples, the 'Minatogawa Man' samples (Matsu'ura, 1982a) , and the Upper Minatogawa human samples (Matsu'ura, 1984 (cited in Matsu'ura, 1999 ).
Relative dating by fluorine has a long history of about 200 years of fundamental studies and applications (see Matsu'ura, 1982b) . Fluorine, fixed in bone apatite, is known to be practically uniformly distributed throughout the compact bone tissue; this uniformity is usually one of the important requirements in comparing measured values between human fossils and nonhuman fauna (Oakley, 1980; Matsu'ura, 1982b) . Strontium and barium, structurally substituted for calcium ions in apatite crystals, also show virtually homogeneous distributions within the compact bone (Kondo, 1995; see Matsu'ura et al., 2000) .
Here, we should consider that in the case of strontium and barium, biogenic levels of these elements in bone are diet dependent and may be influenced by taxon (species). Pleistocene fossil remains, however, have usually undergone appreciable diagenesis, which more or less erases biogenic effects, as exemplified by bones from the Solo River basin, Indonesia (Matsu'ura, 1982b; Kondo, 1995; and from the Taishaku Kannondo cave site, Japan .
During excavations in 1968-1974 at the Minatogawa site, boar remains were recovered extensively from the fissure sediments; they were less abundant in the lower stratigraphic levels (levels 5-8) but their numbers increased in the upper stratigraphic levels (levels 1-4). On the other hand, deer remains were obtained only from the lower levels (Hasegawa and Matsuoka, 2002; Anezaki et al., 2009; see Oda, 2009) . Statistical comparison by Mann-Whitney U-test was made, accordingly, between the herbivorous deer bones and the omnivorous boar bones both from the lower stratigraphic levels, revealing no significant systematic disparity between the two taxonomic groups for strontium content (deer, 542 ± 139 ppm (average ± standard deviation); boar, 435 ± 163 ppm: probability = 0.10) and barium content (deer, 47.5 ± 3.6 ppm; boar, 47.9 ± 12.7 ppm: probability = 0.84). The same statistical comparison was made between the deer bones and the boar bones from levels 6-7, taking into consideration the stratigraphic sources of the boar specimens from the lower levels (see Table 1 ), and again no significant systematic disparity was revealed. Hence, the levels of strontium and barium in bones from the Minatogawa site may be the present consequences of varying postmortem chemical changes such as introduction or leaching of elements, which have erased biogenic effects, if any. They should mainly reflect the geochemical environment of burial media and the lapse of geological time, thus providing clues to the bone source layers.
In order to develop a framework for stratigraphic provenance of the human bones from the Minatogawa Fissure site, principal component analysis was applied using the concentrations of fluorine, strontium, and barium in compact bone. Figure 3 is a scoring plot of the first two principal components, expressing 94.9% of the total variance. The first principal component (61.5% contribution) stands for a measure of fluorine and strontium contents, having factor loadings of 0.960 and 0.959, respectively. The second principal component (33.4% contribution) is highly correlated only with barium (factor loading = 0.999).
As seen in Figure 3 , the scattering configuration of the faunal samples from the Minatogawa site represents clear patterns according to the group of stratigraphic levels. The boar fossils from the upper levels (levels 1-4) are located in the top to the middle of the left side of the diagram, while boar and deer fossils from the lower levels (levels 5-8) are situated from the bottom middle area to the upper-middle right area of the diagram. The three deer samples of unclear provenance are located toward the right side together with the samples from the lower stratigraphic levels: this is compatible with the above-mentioned observations in excavations that deer fossils were confined to the lower levels of the fissure sediments.
As for the human material, the UMS, as a group, lies partially overlapping around the intermediate area between the faunal samples from the upper and the lower stratigraphic levels (Figure 3 ). On the other hand, bones of the MMS are scattered from the bottom middle to the upper right of the diagram, suggesting a wider range of stratigraphic source. Although most of the MMS remains seem to be related to the lower-level faunal fossils, one specimen appears to be associated with the upper-level faunal fossils (Figure 3) .
For the clarification of the stratigraphic relations of the MMS and UMS remains, discriminant analysis was then Figure 3 . Scatter diagram of the first two principal component scores derived using the correlation matrix method, based on the concentrations of fluorine, strontium, and barium in compact bone of human and nonhuman remains from the Minatogawa Fissure site (data given in Table 1 ).
applied using the same elemental data on fluorine, strontium, and barium (Table 1) , providing a function with an apparent correct rate of 100% for discriminating the two groups: bones from the upper stratigraphic levels and those from the lower stratigraphic levels. Figure 4 is a plot of the discriminant scores for the human and nonhuman samples from the Minatogawa Fissure site. The three deer samples of unclear provenance are again assignable to the lower-level group (Figure 4) , with posterior probabilities of 0.926-1.000.
Concerning the human bones, seven out of the eight specimens of the MMS remains were assigned to the lower stratigraphic levels and the remaining one specimen (Minatogawa IV) to the upper levels, each with fair certainty (Table 2 ). As to the UMS remains, with all various degrees of probability, half of these human specimens were assigned to the lower stratigraphic levels and the remaining half to the upper stratigraphic levels (Table 2) ; nevertheless, they are located in clusters, in contrast to the dispersion of the MMS remains (Figure 4) . A highly significant (P < 0.01) Spearman's rank correlation coefficient of −0.84 was obtained between the stratigraphic levels of the faunal samples and their discriminant scores, and thus the larger dispersion (SD = 1.566) of the discriminant scores for the MMS remains than that (SD = 0.585) for the UMS remains again suggests a wider range of stratigraphic source. In addition, particularly noteworthy is that part of the MMS remains such as Minatogawa IV and maybe Minatogawa II, are inferred to overlap stratigraphically with the UMS remains (see Figure 4) . Table 1 ). Exact figures of the discriminant scores for the human remains are given in Table 2 . Table 2 . Discriminant scores and posterior probabilities for individual human specimens from the Minatogawa Fissure site, derived by discriminant analysis between faunal remains from the upper stratigraphic levels and those from the lower stratigraphic levels, using the concentrations of fluorine, strontium and barium in compact bone (data given in Table 1 ).
Human specimen Discriminant score* Posterior probability 
Discussion
This study has enhanced the relative chronologies and stratigraphic relations of human and nonhuman faunal remains from the Minatogawa Fissure site by a geochemical approach using analyses of fluorine, strontium, and barium contents in bone.
Concerning the chronometric (numeric) age, radiocarbon dates of 18250 ± 650 BP (TK-99) and 16600 ± 300 BP (TK-142) were obtained (Kobayashi et al., 1974; Suzuki and Tanabe, 1982) , as mentioned in the Introduction, from charcoal fragments from the lower part of the Minatogawa fissure fillings. The fissure is exposed as a crack measuring about 20 m in height at a cliff of the Minatogawa limestone quarry. The dated charcoal samples were collected in 1970 from brownish clay layer 15-16 m below the top surface (limestone terrace) of the fissure (Kobayashi et al., 1974) . The clay layer yielded human skeletons including crania (Kobayashi et al., 1974; Watanabe, 1980) , but the relationship of the charcoal to the human remains is not certain.
Additional radiocarbon measurements from the site, in association with recent excavations between 1998 and 2001, were made by Hashimoto et al. (2002) , reporting 8640 ± 90 BP (TKa-12090) for a marine cone shell (Conus leopardus) from about 2 m below the top surface of the fissure, 8550 ± 290 BP (TKa-12364) for a soil sample (humin fraction) from about 1.5 m below the top surface, and 13460 ± 110 BP (TKa-12163) for a soil sample (humin fraction) from about 1.1 m above the base terrace at the bottom level of the fissure. Such measurements were also made by Otsuka et al. (2004) , who reported 9865 ± 35 BP (NUTA2-1997) and 10470 ± 50 BP (NUTA2-4380) for two land snails (Cyclophorus turgidus angulatus) from the uppermost part of the fissure. It should be noted that some reservoir effects on the cone shell and land snail samples by 14 C-depleted carbon from marine or calcareous environments might make their apparent radiocarbon dates several hundred years older, and that the correlation between the date of the humin fraction from sediments and the age of sedimentation is controversial. Matsu'ura (1988; see Matsu'ura, 1999) tested aspartic acid racemization dating of bones from the Minatogawa site, and a date of about 12000 years before the present was obtained for late phase B (faunal phase of the occurrence of wild boar and the absence of deer species-see the Introduction). However, it must be acknowledged that the racemization method requires several assumptions to be satisfied, and thus the reported age calculation is still preliminary.
Another numerical age estimation was attempted by Yokoyama (1992) , who carried out nondestructive gammaray spectrometric uranium-series dating of bone, which gave a U-Pa date of 19200 ± 1800 years before the present for one of the Minatogawa human skulls. However, there are many serious problems regarding uranium-series dating of fossil bones since uranium can be either taken into or leached out from bone during the burial period (e.g. Aitken, 1990; Omura, 1999) . Moreover, there is doubt about the suitability of nondestructive uranium-series dating for bones such as skull and pelvis, as these comprise a considerable amount of cancellous tissue (substantia spongiosa), which is subject to contamination from soil particles and other extraneous mineral grains. Given these uncertainties, the reliability and significance of Yokoyama's (1992) U-Pa date are difficult to assess, as illustrated by the U-Pa and U-Th ages for the human skull or pelvis specimens from the Mikkabi and Hamakita sites (see Figure 1 ) in central Japan (see Matsu'ura and Kondo, 2001; Kondo and Matsu'ura, 2005) .
Future studies are needed to establish the absolute chronology of the Minatogawa Fissure site. Direct radiocarbon dating of bone samples from the site has been attempted, although it has not been successful because of extremely poor preservation of collagen in the samples (see . Another trial for a direct radiocarbon measurement is ongoing.
Stratigraphic remarks made during the 1968-1974 excavations (Hasegawa and Matsuoka, 2002; Anezaki et al., 2009; see also Oda, 2009 ) are important and must be considered in discussing the age of the Minatogawa Fissure site. One point to bear in mind is that extinct deer fossils were confined to the lower levels (levels 5-8) of the fissure sediments, while boar fossils were less abundant in the lower levels but increased in number in the upper levels (levels 1-4) (see Results).
Principal component analysis of the concentrations of fluorine, strontium, and barium in compact bone, described above in the Results section, has shown a clear separation between the nonhuman faunal remains from the upper levels and those from the lower levels, as seen in Figure 3 . This observation corroborates the above remarks previously made from excavations, and supports the zonation by Matsu'ura (1982a) of the Minatogawa mammalian fauna into two phases: (i) phase A, the co-occurrence of boar and two deer species (i.e. the lower-stratigraphic-level fauna); and (ii) phase B, the occurrence (dominance) of boar and the absence of cervid species (i.e. the upper-stratigraphic-level fauna).
Recent excavations between 1998 and 2001 recovered a few deer remains near the top of the Minatogawa Fissure. However, these fossils were found adhered to limestone and not from the brownish clayey sediments, and thus are considered as intrusions prior to the sedimentation of the clayey fissure fillings (Shinzato and Kishimoto, 2002) .
Noteworthy observations have lately come from the Maehira Mine (limestone quarry), which is only a few kilometers away from the Minatogawa Fissure site. Excavation in 2009 of Maehira Fissure 1 (Yamasaki et al., 2010) , which has yielded charcoal fragments and land snail fossils dated around 20 ka BP, has reconfirmed the deer to boar faunal sequence observed in the fissure deposits at Minatogawa.
Extinction of deer species in Okinawa Island is also suggested by the fact that no deer remains have been hitherto identified among the faunal assemblages from Holocene sites of the Jomon or the Kaizuka (Shell-midden) Periods in this island (e.g. Takamiya, 1991) .
Although the clarification of the numeric age of the Minatogawa Fissure site awaits further studies, in the light of available chronological and paleontological data, the following inferences can be drawn: (1) the uppermost part of the Minatogawa Fissure contains sediments accumulated around the Pleistocene-Holocene boundary (as indicated by the radiocarbon dates on land snails); (2) the faunal phase A (the lower-stratigraphic-level fauna of Minatogawa) should be referred to as the Late Pleistocene; (3) The increase of wild boar, as represented by the faunal phase B (the upperstratigraphic-level fauna of Minatogawa), occurred toward the terminal Pleistocene in Okinawa Island after the extinction of deer species.
Let us now check the stratigraphic relationships of the human remains from the Minatogawa Fissure site to these faunal phases, deduced through the geochemical approach by multielement analyses of bone presented in this paper. As seen in Figure 4 , the MMS is almost contemporaneous with phase A apart from one exception (Minatogawa IV), and the UMS can be connected with late phase A to early phase B. Accordingly, as a group, UMS is regarded as being younger than MMS.
However, the results of the multielement approach (Figure 3, Figure 4 ) also imply a wider range of stratigraphic source for MMS, which may reflect a wider age span; and suggest that part of the MMS remains such as Minatogawa IV and maybe Minatogawa II should be comparable in age to the UMS remains. Thus, the MMS specimens might not be 'a single chronological group,' although they may be one morphological group as has been suggested by Suzuki (1982) and Kaifu et al. (2011) .
As noted before, the UMS postcranial remains have been interpreted by Baba (1984 Baba ( , 2002 as having a morphological resemblance to the Jomon-age skeletons, while the postcranial specimens of MMS lack such characteristics. An important addition to this has been made by the latest morphological research of Kaifu et al. (2011) , who argues that the mandibles of MMS are distinct in many respects from the Jomon mandibles of mainland Japan.
We will then extend our consideration to the emergence of the Jomon people in Japan. From extensive review and examination of Palaeolithic human remains of Japan (e.g. Kondo and Matsu'ura, 2007; Matsu'ura, 2009) , particularly from the chronological results on the Hamakita specimens from central Honshu (see Figure 1) , the following possible implications may be made concerning mainland Japan.
1 Inada, 2001; Oda, 2003) , the microblade industries of the Palaeolithic of Japan are not characterized as a spontaneous development from the preceding knife-shaped tool industries, and furthermore, part of the microblade industries in mainland Japan are recognized to have been introduced from the Asian continent. Hence, new diffusion of people at least to mainland Japan is plausible.
In this connection, findings from the present study on the human remains from the Minatogawa Fissure site, Okinawa Island, would have additional bearings on the subject of the emergence of the Jomon people.
Here we have shown that the MMS remains partly overlap in age with the UMS remains. Hence, provided that the UMS remains are morphologically distinct from the MMS remains as Baba (1984 Baba ( , 2002 suggested, it may be implied that two populations of different skeletal morphologies were temporarily present synchronically and sympatrically in the Late Pleistocene Okinawa Island, and that the 'Jomon-type' UMS people may not the descendants of the preexisting MMS people but new immigrants to this island in the southern part of the Japanese archipelago. However, morphological evaluation of the UMS remains still needs further investigation. If future studies find that the morphological differences between MMS and UMS, which overlap in age with each other, are not significant, the two series may belong to the same population and both the MMS and UMS remains should form the 'Minatogawa Man' material.
Admittedly, it is possible to have different population histories from the Last Glaciation to the terminal Pleistocene for humans on mainland Japan and on Ryukyu Islands (e.g. Takamiya, 1996) , and we are still far from answering the question of the emergence and formation of the Jomon people in the Japanese archipelago. Extensive and intensive morphological reexaminations and more discussions on the pertinent human specimens such as MMS, UMS, Yamashitacho Cave I, and also Hamakita remains, as well as the establishment of the chronometric age of fossils especially from the Minatogawa Fissure and the Yamashita-cho Cave I sites, are essential to clarify the relationships between Late Pleistocene populations and the Jomon people. We hope that future excavations will unearth additional Pleistocene human remains from Japan.
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